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Abstract
Objective. To compare the outcomes between 2 age-matched
cohorts of children with cochlear nerve deficiency: those
receiving auditory brainstem implants (group A) or cochlear
implants (group B).
Study Design. Retrospective cohort study.
Setting. Tertiary referral center.
Subjects and Methods. Subjects were selected from a pool of
537 children fitted with cochlear implants (n = 443) or audi-
tory brainstem implants (n = 94) over the past 14 years.
Performance, examined with the Category of Auditory
Performance scale, and complications were compared with
a mean follow-up of 5 years.
Results. All children had bilateral profound sensorineural
hearing loss and cochlear nerve deficiency. Magnetic reso-
nance imaging documented an absent cochlear nerve (n =
12) and a small cochlear nerve (n = 8) in group A and an
absent cochlear nerve (n = 11) and a small cochlear nerve
(n = 9) in group B (P = 1.000). Children with cochlear
implants had Category of Auditory Performance scores
spanning from 0 to 3 levels of performance, and all required
manual communication mode and visual supplementation.
Children with auditory brainstem implants had Category of
Auditory Performance scores spanning from 2 to 7, and
most patients demonstrated behavioral responses irrespec-
tive of inner ear malformations and an absent cochlear
nerve or small cochlear nerve (P\.001).
Conclusions. In children with cochlear nerve deficiency,
patients fitted with cochlear implants did not develop
speech understanding and production. Those fitted with
auditory brainstem implants had the opportunity to develop
open-set speech perception, acquiring verbal language com-
petence using oral communication exclusively and participat-
ing in mainstream education. The overall complication rate
of auditory brainstem implants was not greater than that of
cochlear implants.
Keywords
cochlear implant, cochlear nerve deficiency, auditory brain-
stem implant
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H
earing restoration in children with cochlear nerve
deficiency (CND) is a therapeutic challenge, with
conflicting reports describing children who, despite
cochlear nerve hypoplasia or aplasia on magnetic resonance
imaging (MRI), show auditory responses to different proce-
dures, including simple amplification,1,2 cochlear implants
(CIs),3-6 and auditory brainstem implants (ABIs).7-11 An
evident caveat of most of these studies is the very small
number of subjects in any given subgroup comparison.
Clearly, children with CND are a special population and
generally perform more poorly than average pediatric CI
recipients, but exceptions have been described. This raises
medical and ethical matters of selecting the device and
intervention that might prove most beneficial. However, the
current literature at present indicates unequivocally that CIs
and not ABIs are the first-line treatment for these children,
even in the absence of any scientific evidence that CIs out-
perform ABIs in this cohort of children. So, in many cen-
ters, CIs continue to be offered to patients with CND,
surmising that some cochlear nerve fibers are present but
not visible due to MRI limitations or because they occur
within the facial or vestibular nerve.12,13
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Supported by studies showing better outcomes in children
with CND when fitted with ABIs compared with children
with CIs,14,15 ABI recently has been proposed as the first-line
treatment in children with CND. This proposal has generated
the therapeutic dilemma of selecting CI or ABI as the best
treatment option to be offered to children with CND.
To clarify these issues, we reviewed our population of
children fitted with ABIs (n = 94) and CIs (n = 443) over
the past 14 years and extracted 2 age-matched groups of chil-
dren diagnosed with CND and fitted with a CI or an ABI
who were younger than 3 years and operated on by the same
surgeon (V.C.). The aim of the investigation was to deter-
mine whether differences exist in the trajectories of auditory
development of the 2 procedures to justify the option of ABI
as a first-line treatment in children with CND.
Materials and Methods
The Verona University Ethics Board approved the study,
and all families gave their informed consent.
From 1998 to 2013, we fitted 443 children with CIs and
94 with ABIs following the outcome of a personal preimplan-
tation audiological assessment described in detail elsewhere.16
The expected outcome, possible risks, and prevalence of the
complications of CI and ABI surgery were discussed with the
parents and their consent obtained. Consideration was given to
the surgical indication of the referring doctor, but the final
decision on the surgical procedure was adopted at the discre-
tion of the family in agreement with the proposal of the sur-
geon. So far, 32 children have traveled internationally to have
hearing restored with a bionic device, but the high or low
socioeconomic status of the family has never interfered with
the surgeon’s selection of the procedure.
From the 2 groups of children fitted with CIs or ABIs,
we were able to retrieve the clinical charts of 54 children
who met the following criteria: bilateral profound hearing
loss from congenital deafness with CND, absent or small
cochlear nerves, cochlear and internal auditory canal (IAC)
malformations, no prior hearing experience (including hear-
ing aid use), no previous meningitis and no coexisting hind-
brain anomalies, unilateral CI and ABI implantation,3 and
all operated on during the same period (2004-2009) before
3 years of age. From this pool of 54 children, 14 were
excluded from the study (see Figure 1 for details of exclu-
sion criteria). Approximately 50% of these initial 54 chil-
dren had other nonauditory disabilities.
So finally, from a total of 537 children fitted with CIs
(n = 443) or ABIs (n = 94) over the past 14 years, only 2
groups of 20 children, matched for age and fitted with ABIs
or CIs, fulfilled the selection criteria. Both groups were fol-
lowed for up to 8 years to compare outcome measures.
The retrosigmoid and posterior tympanotomy approaches
were used for the ABIs and CIs, respectively.7,14-16
Electrically evoked auditory brainstem recordings (EABRs)
were performed preoperatively, intraoperatively at the end
of surgery, and during follow-up in all children. All children
in each group had unilateral CIs (17 Cochlear devices,
Sydney, Australia, and 3 Med-El devices, Innsbruck,
Austria) or ABIs (18 Cochlear and 2 Med-El devices) fitted.
The algorithm for the rehabilitation of children fitted
with CIs and ABIs included conditioned play audiometry,
practiced at the beginning of every fitting session either
with standardized instrumental sounds or with speech
sounds (Six Ling’s Sound Test) as a routine.
The evaluation of auditory perceptual ability was
assessed with the Category of Auditory Performance (CAP)
test17,18 as previously illustrated.15
Statistical analysis included the t test, Wilcoxon Mann-
Whitney test, Fisher exact test, and linear regression analy-
sis, as appropriate.
Results
Demographic, clinical, and follow-up data are detailed in
Table 1. All children completed the 24-month follow-up,
while 16 subjects in each group were still enrolled in the
study at 36 months.
Four children in group A (ABI) had associated cognitive
deficits (among these subjects, 3 also had mild motor disabil-
ities), 1 had behavioral impairment (attention-deficit hyperac-
tivity disorder), 1 child was visually impaired, and 2 children
were diagnosed with a polymalformative syndrome (Down
and Moebius syndromes). Four children in group B (CI) also
had associated cognitive deficits (1 also had mild motor dis-
abilities), 1 child was visually impaired, and 3 children had
other syndromes (Down, Shprintzen, and Moebius syn-
dromes). There were 11 and 10 right ears and 9 and 10 left
ears, respectively, in groups A and B (P = 1.000).
Figure 1. Flowchart for patient selection for inclusion in the audi-
tory brainstem implant (ABI) and cochlear implant (CI) groups.
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The EABR recordings performed intraoperatively
demonstrated no auditory response in CI recipients and at
least an auditory response on 8 to 11 (Cochlear) and 4 to 6
(Med-El) electrodes in children fitted with an ABI.
Imaging
Magnetic resonance imaging documented an absent cochlear
nerve (ACN) and a small cochlear nerve (SCN) in 12 and 8
and in 11 and 9 children, respectively, in groups A and B
(P = 1.000). Interestingly, among children with ACN, an
open auditory nerve canal (ANC) was found in 5 and 4 chil-
dren in groups A and B, respectively. The facial nerve (FN)
had an aberrant course in 4 and 5 children in groups A and
B, respectively.
Measurements of the IAC and ANC diameters were eval-
uated with high-resolution computed tomography (CT) scans
for each child in both groups. The IAC was atretic in 4 and
3 children in groups A and B, respectively (P = 1.000).
The diameter of the IAC was reduced (ie, less than 3 mm)
in 12 and 13 children in groups A and B, respectively. The
ANC diameter measurements showed abnormalities in
children in both groups. A severe stenosis with an ANC
diameter of less than 1.0 mm (0.31 6 0.43 mm) was
observed in 13 children in group A and 11 in group B. A
moderate stenosis with a diameter of less than 1.8 mm was
observed in 3 children in group A and 4 in group B (1.53
6 0.25 mm). In the remaining children, the ANC was
normal but empty on MRI. Because of the difficulty in
obtaining clear auditory nerve (AN) diameter measure-
ments, it was not possible to compute the correlation
between the diameter of the AN and FN.
Cochlear abnormalities of different degrees were present
in both groups: moderate in 6 and 5 children and severe in
9 and 11 children in groups A and B, respectively.
Interestingly, cochlear morphology was normal on CT and
MRI in 5 children in group A and 4 in group B, but the
ANC was of abnormally reduced size in both groups.
Severe vestibular malformations were associated with
severe or extreme abnormalities of the cochlea in both
groups. No child in the present 2 cohorts showed evidence
of cochlear ossification.
Auditory Perceptual Abilities
The CAPs obtained before implantation scored 0 in all chil-
dren in both groups. Both groups were tested with the CAP
procedure at each visit after device activation, every 3 months
for the first 24 months. After 24 months of device use, CAP
scores showed significantly poorer outcomes in group B (0.7
6 0.5) compared with group A (2.4 6 1.3) (P\ .001).
After the 24-month test, 5 children in group B were
obtaining no benefit from the CI. After full discussion and
informed consent from the parents, these children had the
CI removed and an ipsilateral ABI fitted; these children
dropped out of the present study. In the remaining children,
CAP measurements were collected approximately every 6
months up to 8 years. At the 48-month follow-up, 1 child in
group A could not be tested because the family went back
to their original country and 4 more children in group B
obtaining no benefit from the CI had the CI explanted and
an ipsilateral ABI fitted. These children also dropped out of
the study. At the 60- and 72-month follow-up, the number
of ABI children remained the same, but the number of CI
children dropped to 6 because 3 more children had the CI
removed and had an ABI fitted ipsilaterally. Figure 2
shows a scatterplot of the CAP scores of groups A and B as
a function of ABI and CI experience. The CAP scores were
higher in group A at all follow-ups of behavioral testing.
After 2 years of device use, CAP scores continued to
improve in group A, whereas group B reached a plateau at
an approximate score of 2 within 4 years and did not
improve significantly even after 8 years of CI experience
(6.1 6 1.0 vs 2 6 0.8, P\ .0001), with the exception of 2
patients, who were at least able to respond to speech
sounds, without any identification skill, and to recognize
very simple environmental sounds, such as continuous vs
interrupted stimuli (Figure 3).
Nearly all ABI children demonstrated behavioral responses
irrespective of inner ear and IAC morphology.
Table 1. Demographic Data for the 2 Study Populations.a
Group A (ABI) Group B (CI) P Value
No. of patients 20 20
Age at implantation, mean 6 SD, y 1.4 6 0.5 1.3 6 0.4 .489b
Sex, male/female 13/7 11/9 .748c
Side, right/left 11/9 10/10 1.000c
Follow-up, median (interquartile range), y 6.9 (3.2-8) 4.7 (3.1-8) .666a
Cochlear nerve deficiency, absent/small 12/8 11/9 1.000b
Auditory neuropathy spectrum disorders (normal cochleae) 5 4 1.000b
Associated cochlear malformations (subjects) 15 16 1.000b
Associated disabilities (subjects) 8 8 1.000b
Abbreviations: ABI, auditory brainstem implant; CI, cochlear implant.
aValues are presented as numbers unless otherwise indicated.
bt Test/Wilcoxon Mann-Whitney test as appropriate.
cFisher exact test.
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The benefit from CI was limited to auditory awareness
with behavioral responses induced at very high levels of
charge units, often associated with nonauditory stimulation
such as facial nerve stimulation and disequilibrium, so
much so that in 5 patients, all electrodes had to be inacti-
vated and the children explanted and fitted with ABIs.
The children with normal cochleae and either ACNs or
SCNs fitted with ABIs demonstrated a significantly earlier
and better perceptual outcome on the CAP test than did
children with cochlear abnormalities; all children with
normal cochleae had a CAP score of more than 5 at the last
follow-up after ABI fitting (6.4 6 0.5 vs 2.3 6 1.2; P \
.0001) (Figure 4). No children with normal cochleae pre-
sented associated disabilities.
The ABI children without associated disabilities
showed better auditory performance than children with asso-
ciated disabilities at all follow-up intervals (6.1 6 0.8 vs
2.1 6 1.1; P \ .0001, at the last follow-up). Conversely,
the CI children without associated disabilities demonstrated
a small but not significant difference in performance at all
follow-up intervals (1.5 6 0.9 vs 1.4 60.4; P = .483, at the
last follow-up) compared with children with disabilities
(Figure 5).
Safety
No major anesthesiological or surgical complications such
as cardiac arrest, facial palsy, or flap breakdown were
observed in any child.
Among minor anesthesiological complications, 2 children
aged 13 and 24 months in the ABI group experienced
Figure 2. Category of Auditory Performance (CAP) developmen-
tal trajectory in children with cochlear nerve deficiency: auditory
brainstem implant (ABI) vs cochlear implant (CI). The trend lines
for the ABI and CI groups are represented by the dashed and solid
lines, respectively.
Figure 3. Category of Auditory Performance (CAP) scores and
trend lines of 40 children with cochlear nerve deficiency fitted with
an auditory brainstem implant (ABI) or a cochlear implant (CI) at
the last follow-up.
Figure 4. Last Category of Auditory Performance (CAP) scores
of children with cochlear nerve deficiency fitted with an auditory
brainstem implant (ABI) or a cochlear implant (CI) grouped by
degree of cochlear malformation.
Figure 5. Last Category of Auditory Performance (CAP) scores in
children with cochlear nerve deficiency fitted with an auditory
brainstem implant (ABI) or a cochlear implant (CI) with or without
associated disabilities.
4 Otolaryngology–Head and Neck Surgery
 at Azienda Ospedaliera Universitaria Integrata Verona on June 20, 2014oto.sagepub.comDownloaded from 
transitory bronchospasm and hypotension, both of which
resolved with medical treatment. Blood pressure range
during surgery was not statistically significantly different in
the 2 study groups (P = .552). No perioperative surgical
complications were encountered in any children. Blood loss
was recorded as less than 30 mL in all patients. There were
3 minor postoperative complications: 2 cases of wound
seroma (1 in each group) and 1 case of wound infection in
group B; all were treated conservatively. Children in groups
A and B were discharged, respectively, after an average of
6.3 6 2.1 and 2.6 6 1.8 days (P\ .001). Delayed wound
healing (10 days after surgery) was observed in 1 child in
group A and in 2 subjects in group B. Within 2 years of
implantation, postoperative otitis media was observed in the
same ear as the CI in 3 children. All were treated medically
with no further complications. No complications related to
ABI or CI activation or long-term use were evident in any
subject, apart from those children who experienced facial
nerve stimulation and had some CI electrodes deactivated.
Discussion
Earlier studies involving behavioral outcome measures in
children with CND fitted with CIs have reported very poor
results, leading to decisions not to provide a CI to these chil-
dren.19-22 However, more recent studies indicate that limited
speech detection and discrimination and, very occasionally,
higher levels of auditory performance may be observed in
these children.23-27 The recent innovative proposal of offering
ABIs as first-line treatment in children with CND, corrobo-
rated by significantly better outcome compared with children
fitted with CIs,3,7-11,14-16 complicated the decision with
regard to the best treatment option for children with CND
and generated a pivotal therapeutic dilemma.
Clearly, if some reasonably good outcomes are achieved
with CIs, it is difficult to decide in favor of an ABI as the
initial treatment in these patients, considering the potentially
serious risks of this intracranial procedure. These reserva-
tions, supported by the inability of preoperative MRI and
EABRs to provide unambiguous information with regard to
the status of the cochlear nerve, have suggested cautiously
that children with CND should first undergo a trial with CIs
to verify the benefit of the procedure and, only after con-
firming the inefficacy of the CI, could ABI possibly be
considered.
A recent study15 described a cohort of 21 children with a
clinical diagnosis of CND fitted with CIs. Among these chil-
dren 13 presented ACNs and 8 SCNs, respectively. As a
result of failure of progression of auditory ability in all these
children, the CIs were explanted and ABIs fitted ipsilaterally.
At surgery, the so-called SCN was demonstrated in all cases
to be the nervus intermedius. This very important observation
confirmed that the determination of the individual nerves in
ears with stenotic IAC is limited by the degree of spatial
separation of the nerves.12,13 In this cohort of children, the
opportunity to develop open-set speech perception and
acquire speech was obtained only after fitting an ABI.
The time course for the development of auditory percep-
tion in profoundly deaf children with CND following CI or
ABI may extend over many years, and long-term investiga-
tions are needed to determine whether the 2 devices differ
significantly in the trajectories of auditory development to
justify the option of the ABI as a first-line treatment in
these children. To provide a contribution to this theme and
unravel the dilemma of the best treatment for children with
CND, the present retrospective study was performed. To our
knowledge, no such studies exist in the literature.
The outcome of the present investigation indicates that
CAP scores were significantly poorer in the CI group com-
pared with the ABI group: most children in the ABI group
experienced a gradual increase in performance over time,
whereas children in the CI group achieved some initial
improvement in behavioral test scores without any further
improvement even after long-term implant experience.
Within the first year of activation, the entire ABI group
obtained awareness of environmental sounds, and 45%
responded to speech sounds. At the second year of follow-
up, 50% of these young patients were able to recognize
environmental sounds and 20% discriminated speech
sounds, while in the third year of ABI use, 31.3% of group
A were in open-set speech perception. Eight of 11 subjects
who reached the fifth year of ABI fitting were able to
understand simple commands with no lip reading, and 3
were capable of sustaining a telephone conversation with a
familiar speaker. After 8 years of follow-up, 12 children
from the CI cohort in the present study were explanted and
fitted with ABIs, obtaining a partial recovery.
A comparison of the complications associated with ABI
and CI surgery confirms that, even though the potential
complications of a retrosigmoid craniotomy are clearly
greater than those of the transmastoid approach of CI sur-
gery, in practice, both major and minor complication rates
are comparable in the hands of well-trained surgical
teams.27
Further consideration should be given to the cost-benefit
ratio and psychological involvement of the family of a child
diagnosed with profound hearing loss and CND at the age
of 3 to 4 months who is fitted first with a hearing aid for 6
to 12 months and then with a CI for a further 1 to 3 years
and finally, only after all these inconveniences, receives the
suggestion to have their child fitted with an ABI.
As a result of this study, we advocate EABR preopera-
tive evaluation in CI and ABI candidates and intraoperative
evaluation and programming with threshold determination
in children with CND fitted with CIs and ABIs. Similarly,
periodic EABRs should be performed to objectively assess
CI or ABI device ‘‘efficacy’’ in these children and stratify
candidates into those expected or not expected to achieve
open-set speech perception.
The CI children who achieve poor speech perception
results after 2 years of CI use and who have an abnormal
EABR may receive limited benefit from their CI, and such
candidates may profit from the ABI. The long-term outcome
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study of the present article shows that children with CND
and ABI do outperform those treated with CI.
We have learned that fitting a CI in a subject with
CND, cochlear and IAC malformations, and no RW-
EABRs may be a waste of time and expense. At the same
time, a child fitted with CI showing no postoperative
EABRs and no auditory progress for more than 2 years
should not wait any further and should be fitted with a
contralateral ABI.
Cochlear nerve deficiency is a relatively common cause
of profound sensorineural hearing loss that challenges the
decision-making process with regard to whether to proceed
with a CI or an ABI.
In the present cohort of children with CND, those fitted
with CIs did not develop speech understanding and produc-
tion. Those fitted with ABIs frequently developed open-set
speech perception, with some acquiring verbal language com-
petence using oral communication and participating in main-
stream education. Furthermore, since the overall complication
rate of ABIs was not greater than that of CIs, consideration
should be given to the use of ABI technology as the first sur-
gical prosthesis of choice in this patient population.
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